This study aimed to develop optimal microwave assisted extraction conditions for recovery of phenolic compounds and antioxidant properties from the macadamia skin, an abundant waste source from the macadamia industry. Water, a safe, accessible, and inexpensive solvent, was used as the extraction solvent and Response Surface Methodology (RSM) was applied to design and analyse the conditions for microwave-assisted extraction (MAE). The results showed that RSM models were reliable for the prediction of extraction of phenolic compounds and antioxidant properties. Within the tested ranges, MAE radiation time and power, as well as the sample-to-solvent ratio, affected the extraction efficiency of phenolic compounds, flavonoids, proanthocyanidins, and antioxidant properties of the macadamia skin; however, the impact of these variables was varied. The optimal MAE conditions for maximum recovery of TPC, flavonoids, proanthocyanidins and antioxidant properties from the macadamia skin were MAE time of 4.5 min, power of 30% (360 W) and sample-to-water ratio of 5 g/100 mL. Under these conditions, an extract could be prepared with TPC of 45 mg/g, flavonoids of 29 mg RUE/g of dried macadamia skin.
Introduction
Waste generated throughout the cycle of food production is known as a major problem of the food industry as it not only has adverse effects on the environment and human health, but is also associated with high costs for treatment [1, 2] . Many attempts have been made to retrieve, recycle, or utilise wasted by-products in order to reduce the negative effects and/or to add more value for the food industry [2] . The macadamia is known as a native plant of Australia with two more popular species, the Macadamia integrifolia (smooth shelled) and the Macadamia tetraphylla (rough shelled) ( Figure 1 ) [3] . Approximately 8300 tons of macadamia kernel alone were produced in 2012 with a value of more than $120 million [4] .
As the kernel itself only accounts for approximately 20% of the total weight of the plant, while the skin and husk total approximately 80% of the fruit weight, it can be estimated that about 18,000 tons of skin, and a similar amount of husk, are generated. However, only small portions of this waste have been utilized to produce activated carbon material [5] , to make furniture panels [6] , to use as a renewable fuel source for energy production and to prepare garden mulch [3] . It should also be noted that the global production of macadamia has been projected to increase about 10% annually, resulting in more waste being generated from the macadamia industry [4] . Therefore, it is necessary to develop methods to utilize the large quantities of waste from the macadamia industry. Phenolic compounds are generally found in vegetables, fruits, and many food sources that commonly form a large portion of the human diet [7] . In the early 1960s, phenolic compounds were considered as a metabolic waste product stored in the plant vacuole [8] . Today they are known as one of the most concentrated and therapeutically useful bioactive substances [7] . Besides plant materials, phenolic compounds can be abundant in agro-industrial wastes and by-products [9] . Phenolic compounds have attracted great attention for their potential use in the food industry and therapeutic effects as a health promoter [10] . Therefore, it is worthy to recover the phenolic compounds and antioxidants from macadamia skin.
Microwave-assisted extraction (MAE) has been widely applied for the recovery of bioactive compounds and it is considered one of the dominant trends in the "green chemistry" movement [11, 12, 13] . Application of MAE not only reduces the extraction time and amount of solvent required, but also increases the extraction yield with less degradation of bioactive compounds [12, 14, 15] . Therefore, this study employed MAE for the recovery of phenolic compounds and antioxidant capacity from macadamia skin. Water, which is a safe, accessible, and cheap solvent, was used as the extraction solvent, and Response Surface Methodology (RSM) was applied for designing experimental conditions and analyzing the experimental data to reduce the number of experiments and to determine the relationships between different variables on the response variables [16] . Therefore, the aim of this study was to apply RSM for development of the optimal microwave assisted extraction conditions for recovery of phenolic compounds and antioxidant properties from the macadamia skin using water for further isolation and utilization.
Materials and Methods

Materials
Macadamia (Macadamia tetraphylla) nuts were collected from the Central Coast region, New South Wales, Australia (latitude of 33.4° S, longitude of 151.4° E) in July of 2014. The skin of the nuts was separated from the harvested nuts and then frozen in liquid nitrogen immediately and freeze dried (FD3 freeze dryer, Thomas Australia Pty. Ltd., Seven Hills, NSW, Australia) in order to minimise oxidation or degradation of phenolic compounds. The dried skin was then ground into small particle sizes using a commercial blender (John Morris Scientific, Chatswood, NSW, Australia) and then sieved using a steel mesh sieve (1.4 mm EFL 2000; Endecotts Ltd., London, UK). The dried ground skin was kept in a sealed and labelled container at 5 °C until further analysed. Phenolic compounds are generally found in vegetables, fruits, and many food sources that commonly form a large portion of the human diet [7] . In the early 1960s, phenolic compounds were considered as a metabolic waste product stored in the plant vacuole [8] . Today they are known as one of the most concentrated and therapeutically useful bioactive substances [7] . Besides plant materials, phenolic compounds can be abundant in agro-industrial wastes and by-products [9] . Phenolic compounds have attracted great attention for their potential use in the food industry and therapeutic effects as a health promoter [10] . Therefore, it is worthy to recover the phenolic compounds and antioxidants from macadamia skin.
Microwave-assisted extraction (MAE) has been widely applied for the recovery of bioactive compounds and it is considered one of the dominant trends in the "green chemistry" movement [11] [12] [13] . Application of MAE not only reduces the extraction time and amount of solvent required, but also increases the extraction yield with less degradation of bioactive compounds [12, 14, 15] . Therefore, this study employed MAE for the recovery of phenolic compounds and antioxidant capacity from macadamia skin. Water, which is a safe, accessible, and cheap solvent, was used as the extraction solvent, and Response Surface Methodology (RSM) was applied for designing experimental conditions and analyzing the experimental data to reduce the number of experiments and to determine the relationships between different variables on the response variables [16] . Therefore, the aim of this study was to apply RSM for development of the optimal microwave assisted extraction conditions for recovery of phenolic compounds and antioxidant properties from the macadamia skin using water for further isolation and utilization.
Materials and Methods
Materials
Macadamia (Macadamia tetraphylla) nuts were collected from the Central Coast region, New South Wales, Australia (latitude of 33.4˝S, longitude of 151.4˝E) in July of 2014. The skin of the nuts was separated from the harvested nuts and then frozen in liquid nitrogen immediately and freeze dried (FD3 freeze dryer, Thomas Australia Pty. Ltd., Seven Hills, NSW, Australia) in order to minimise oxidation or degradation of phenolic compounds. The dried skin was then ground into small particle sizes using a commercial blender (John Morris Scientific, Chatswood, NSW, Australia) and then sieved using a steel mesh sieve (1.4 mm EFL 2000; Endecotts Ltd., London, UK). The dried ground skin was kept in a sealed and labelled container at 5˝C until further analysed. 
Chemicals
All chemicals used in this study were analytical grade. Methanol and potassium persulfate were purchased from Merck (Damstadt, Germany). Folin-ciocalteau phenol regent, anhydrous sodium carbonate, sodium nitrile, ferric chloride, gallic acid, rutin, catechin, neocuproine, 2,4,6-Tris(2-pyridyl)-s-triazine, (˘)-6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid (trolox) and 2,2-Diphenyl-1-picrylhydrazyl (DPPH) were purchased from Sigma-Aldrich Co. (Castle Hill, New South Wales (NSW), Australia). Sodium acetate trihydrate was purchased from Government Stores Department (Sydney, NSW, Australia). Aluminium chloride was obtained from Ajax Chem.
(Sydney, NSW, Australia) and hydrochloric acid was obtained from Lab-scan Ltd. (South Australia, Australia).
Microwave-Assisted Extraction (MAE)
Water was chosen as the extraction solvent as it is a safe and inexpensive solvent, and it is easily accessible when compared to other organic solvents [17] . The microwave extraction was conducted using a household microwave equipped with inverter technology (1200 W, Frequency 2450 MHz, Sharp Carousel, Abeno-ku, Osaka, Japan) at the pre-determined conditions that were designed by the Response Surface Methodology program for time (minutes), power (%, W), and sample-to-solvent ratio (g/100 mL). When the extraction was completed, the vessels were then immediately placed into an ice bath to cool to room temperature. The extracts were then filtered using filter paper (Lomb Scientific, Taren Point, NSW, Australia) and diluted for quantitative analysis.
Response Surface Methodology
Response Surface Methodology (RSM) software was used to design experiments and analyse results, via JMP software (Version 11) with a Box-Behnken design with three central point replicates. The optimum range of the microwave variables was preliminarily identified and the range for microwave time was 2.5-5.5 min, power was 30%-70% (360-840 W) and sample-to-solvent ratio was 2-8 g/100 mL. The independent variables and their code variable levels are shown in Table 1 . The JMP software was also used to develop the model equation, to graph 3D plots and 2D contour plots of the responses, as well as predicting the optimum conditions of the independent variables. To express the amount of phenolic compounds and the level of antioxidant properties as a function of the independent variables, a second-order polynomial equation must be employed [17] :
where various X i values are independent variables affecting the responses Y; β 0 , β i , β ii and β ij are the regression coefficients for intercept, linear, quadratic, and interaction terms, respectively; and k is the number of variables.
The three independent variables were assigned as: X 1 (time, min), X 2 (power, %, W), and X 3 (sample-to-solvent ratio, g/100 mL). Thus, the function containing these three independent variables is expressed as follows: The total phenolic content (TPC) was determined as described by Vuong et al. [18] . 1 mL of diluted sample was added with 5 mL of 10% (v/v) Folin-Ciocalteu reagent, followed by the addition of 4 mL of 7.5% (w/v) Na 2 CO 3 , then combined well on a vortex mixer and incubated in the dark at room temperature for one hour before the absorbance was measured at 760 nm using a UV spectrophotometer (Varian Australia Pty. Ltd., Mulgrave, Victoria, Australia). A standard curve was created using gallic acid and the results were then specified in mg of gallic acid equivalents per g of sample (mg GAE/g).
Total Flavonoids
The total flavonoid content was measured as described by Zhishen et al. [19] . 0.5 mL of diluted sample was added with 2 mL of H 2 O and 0.15 mL of 5% (w/v) NaNO 2 and left at room temperature for 6 min. Next 0.15 mL of 10% (w/v) AlCl 3 was added and left at room temperature for a further 6 min. Lastly 2 mL 4% (w/v) NaOH and 0.7 mL of H 2 O were added, and the final solution was mixed well and left at room temperature for a further 15 min before the absorbance was measured at 510 nm using a UV spectrophotometer. A standard curve was designed using rutin and the results were then specified in mg of rutin equivalents per gram of sample (mg RUE/g).
Proanthocyanidins
The amount of proanthocyanidins was determined as described by Li et al. [20] . 0.5 mL of diluted sample was added to 3 mL of 4% (w/v) of vanillin and then 1.5 mL of concentrated HCl was added and left at room temperature for 15 min before measurement of the absorbance at 500 nm using a UV spectrophotometer. A standard curve was designed through the use of catechin and the results were expressed as mg of catechin equivalents per gram of sample (mg CE/g).
Methods for the Determination of Antioxidant Properties
2.6.1. ABTS Radical Scavenging Capacity ABTS radical scavenging capacity was determined according to the methods described by Thaipong et al. [21] and Kamonwannasit, et al. [22] with some modifications. A stock solution was prepared by adding 10 mL of 7.4 mM ABTS solution to 10 mL of 2.6 mM K 2 S 2 O 8 and left at room temperature in the dark for 15 h, and then stored at´20˝C until required. The working solution was freshly prepared by mixing 1 mL of stock solution with 60 mL of methanol to obtain an absorbance value of 1.1˘0.02 at 734 nm. 0.15 mL of sample was added with 2.85 mL of the working solution and mixed, then left in the dark at room temperature for 2 h before its absorbance was measured at 734 nm using a UV-VIS spectrophotometer (Cary 50 Bio, Varian Australia Pty. Ltd.). A standard curve was designed through the application of trolox and the results were expressed as µMoles trolox equivalents per gram of dried sample (µM TE/g).
DPPH Radical Scavenging Activity
The DPPH radical scavenging activity was measured based on the method described by Thaipong et al. [21] , with some modifications. A stock solution was prepared by dissolving 24 mg DPPH in 100 mL methanol and then stored at´20˝C until required. The fresh working solution was prepared by mixing 10 mL stock solution in 45 mL methanol to obtain an absorbance at 515 nm of 1.1˘0.02. 0.15 mL of sample was mixed with 2.85 mL of working solution and then left in the dark, at room temperature for 3 h before measuring the absorbance at 515 nm using the UV spectrophotometer. A standard curve was designed through the use of trolox and the results were expressed as µMoles of trolox equivalents per g of sample (µM TE/g), as seen with ABTS radical scavenging activity.
Cupric Reducing Antioxidant Capacity (CUPRAC)
CUPRAC was determined as described by Apak et al. [23] with a minor adjustment. 1 mL of CuCl 2 , 1 mL of neocuproine and 1 mL of NH 4 Ac were added and then 1.1 mL of diluted sample was added. After combining well, the mixture was incubated at room temperature for 1.5 h before measuring the absorbance at 450 nm using the UV spectrophotometer. A standard curve was designed through the use of trolox and the results were expressed as µMoles of trolox equivalents per g of sample (µM TE/g).
Ferric Reducing Antioxidant Power (FRAP)
FRAP was measured as described by Thaipong et al. [21] and Kamonwannasit et al. [22] . A working FRAP solution was prepared by mixing 300 mM Acetate buffer, 10 mM TPTZ in 40 mM HCl and 20 mM FeCl 3 in the ratio of 10:1:1 and warmed at 37˝C in a water bath (Ratek Instruments Pty. Ltd., Boronia, Victoria, Australia) before using. To 0.15 mL of sample, 2.85 mL of the working FRAP solution was added and incubated at room temperature in the dark for 30 min, after which its absorbance was read at 593 nm. A standard curve was designed through the use of trolox and the results were expressed as µMoles trolox equivalents per gram of dried sample (µM TE/g).
Statistical Analyses
The statistical design program JMP (Version 11, SAS, Cary, NC, USA) was used to design the experiments and all the experiments were performed in triplicate. The program was used to create the model equation, to graph the 3D and 2D contour plots of the responses and to predict the optimum values for the independent variables. The Student's t-test from SPSS software (Version 20, IBM, Armonk, NY, USA) was applied to compare the sample means. The differences between the sample means were chosen at the significance level of p < 0.05.
Results and Discussion
Statistical Analysis and Fitting of the Model
In order to ensure that the RSM mathematical models are reliable in the prediction of MAE conditions for TPC, flavonoids, proanthocyanidins, and the antioxidant capacity from the skin of the macadamia, different statistical analyses of variation including "lack of fit", R squared, Predicted Residual Sum of Square (PRESS), F ratio, and Prob > F were identified and examined and the results are shown in Table 2 . The "lack of fit" is able to calculate whether the model has the expected impact, and the R squared value is able to assess the proportion of variation that occurs in the response that is Processes 2016, 4, 2 6 of 15 able to be accounted for by the model, rather than by random error, therefore an R squared value that nears 1 indicates that the model is a strong predictor of the response [24] . Results (Table 2) showed that "lack of fit" for phenolic compounds, flavonoids, proanthocyanidins, and four antioxidant assays were significantly higher than 0.05, meaning that the models for phenolic compounds and antioxidant properties were fitted and reliable for prediction of the actual values. Furthermore, R squared values for phenolic compounds and antioxidant properties were higher than 0.82, indicating that at least 82% of the predicted values could be matched with the actual values. The PRESS value shows how well the predictive model fits each point in the design. The F Ratio is the test statistic for a test of whether the model differs significantly from a model where all predicted values are the response mean. Lastly, the Prob > F is able to measure the probability of actually obtaining an F ratio that is as high as the one that is being observed, in the case where all parameters are zero, except for the intercept. Smaller Prob > F values specify that the observed F ratio is highly unlikely [24] . The results (Table 2) showed that the PRESS, the F ratio and "Prob > F" for phenolic compounds, flavonoids, proanthocyanidins, and antioxidant properties all supported that the mathematical models for these responses are reliable for prediction of the values of these responses.
The results (Figure 2 ) further showed the correlation between the predicted values and the actual values. As seen from Figure 2 , the predicted values for phenolic compounds, flavonoids and proathocyanidins were linear to their actual values, indicating a close relationship and further supporting that the mathematical models were reliable predictors for these responses. antioxidant assays were significantly higher than 0.05, meaning that the models for phenolic compounds and antioxidant properties were fitted and reliable for prediction of the actual values. Furthermore, R squared values for phenolic compounds and antioxidant properties were higher than 0.82, indicating that at least 82% of the predicted values could be matched with the actual values. The PRESS value shows how well the predictive model fits each point in the design. The F Ratio is the test statistic for a test of whether the model differs significantly from a model where all predicted values are the response mean. Lastly, the Prob > F is able to measure the probability of actually obtaining an F ratio that is as high as the one that is being observed, in the case where all parameters are zero, except for the intercept. Smaller Prob > F values specify that the observed F ratio is highly unlikely [24] . The results (Table 2) showed that the PRESS, the F ratio and "Prob > F" for phenolic compounds, flavonoids, proanthocyanidins, and antioxidant properties all supported that the mathematical models for these responses are reliable for prediction of the values of these responses.
The results (Figure 2 ) further showed the correlation between the predicted values and the actual values. As seen from Figure 2 , the predicted values for phenolic compounds, flavonoids and proathocyanidins were linear to their actual values, indicating a close relationship and further supporting that the mathematical models were reliable predictors for these responses. The values (Y) for phenolic compounds, flavonoids and proanthocyanidins from the macadamia skin could be fitted to the below second-order polynomial Equations (3)- (5): The values (Y) for phenolic compounds, flavonoids and proanthocyanidins from the macadamia skin could be fitted to the below second-order polynomial Equations (3) The models could be fitted to the following second-order polynomial Equations (6)- (9) The models could be fitted to the following second-order polynomial Equations (6) 
Effect of Extraction Independent Variables on Phenolic Compounds, Flavonoids, and Proanthocyanidins
The impact of MAE radiation time, power and sample-to-solvent ratio on the extraction of phenolic compounds (TPC) is shown in Figure 4 and Table 3 . and sample-to-solvent ratio; β 12 , β 13 , and β 23 : Regression coefficients for interaction between time x power, time x sample-to-solvent ratio and power x sample-to-solvent ratio; β 11 , β 22 , and β 33 : Quadratic regression coefficients for time x time, power X power and sample-to-solvent ratio x sample-to-solvent ratio. 
The impact of MAE radiation time, power and sample-to-solvent ratio on the extraction of phenolic compounds (TPC) is shown in Figure 4 and Table 3 . power and sample-to-solvent ratio; β12, β13, and β23: Regression coefficients for interaction between time x power, time x sample-to-solvent ratio and power x sample-to-solvent ratio; β11, β22, and β33: Quadratic regression coefficients for time x time, power X power and sample-to-solvent ratio x sample-to-solvent ratio. The results showed that microwave radiation time and power in the tested ranges did not significantly affect the extraction efficiency of TPC; however, the sample-to-solvent ratio was found to have a statistically significant impact on the extraction efficiency of TPC (p < 0.05). The TPC extraction efficiency decreased when a higher sample-to-solvent ratio was applied. These findings were supported by the previous studies on prune [25] , apple pomace [26] , Melissa officinali [27] , and Eucalyptus robusta [12] . The impact of sample-to-solvent ratio on the extraction yield of TPC can be explained by the increase in the density of the sample in the solvent, which resulted in lower extraction efficiency [12] .
The impact of MAE radiation time, power, and sample-to-solvent ratio on the extraction efficiency of flavonoids from macadamia skin is illustrated in Table 3 and Figure 5 . The results indicated that all three extraction parameters, within the tested ranges, did not have a significant impact on the extraction efficiency of flavonoids, but the interaction between time and power significantly affected extraction efficiency of flavonoids (p < 0.05). Previous studies also found that MAE power and sample-to-solvent ratio did not significantly affect the extraction efficiency of flavonoids, but reported that the MAE time did have a significant impact [12] . The difference can be explained by the narrow range of the tested conditions; this narrow time range was not long enough to give a significant difference. The results showed that microwave radiation time and power in the tested ranges did not significantly affect the extraction efficiency of TPC; however, the sample-to-solvent ratio was found to have a statistically significant impact on the extraction efficiency of TPC (p < 0.05). The TPC extraction efficiency decreased when a higher sample-to-solvent ratio was applied. These findings were supported by the previous studies on prune [25] , apple pomace [26] , Melissa officinali [27] , and Eucalyptus robusta [12] . The impact of sample-to-solvent ratio on the extraction yield of TPC can be explained by the increase in the density of the sample in the solvent, which resulted in lower extraction efficiency [12] .
The impact of MAE radiation time, power, and sample-to-solvent ratio on the extraction efficiency of flavonoids from macadamia skin is illustrated in Table 3 and Figure 5 . The results indicated that all three extraction parameters, within the tested ranges, did not have a significant impact on the extraction efficiency of flavonoids, but the interaction between time and power significantly affected extraction efficiency of flavonoids (p < 0.05). Previous studies also found that MAE power and sample-to-solvent ratio did not significantly affect the extraction efficiency of flavonoids, but reported that the MAE time did have a significant impact [12] . The difference can be explained by the narrow range of the tested conditions; this narrow time range was not long enough to give a significant difference. The impact of MAE radiation time, power and sample-to-solvent ratio on the extraction efficiency of proanthocyanidins is outlined in Table 3 and Figure 6 . It can be seen from Table 3 that MAE time did not have a significant impact, but the power and the sample-to-solvent ratio had a significant impact on the level of extracted proanthocyanidins (p < 0.05). The higher the power or the sample-to-solvent ratio applied, the lower the extraction efficiency of proanthocyanidins was achieved ( Figure 6 ). These findings were also in agreement with the previous study on Eucalyptus robusta [12] . The increase of power resulted in a lowering of the extraction efficiency that can be explained by the degradation of proanthocyanidins at higher temperatures caused by the higher power. The impact of MAE radiation time, power and sample-to-solvent ratio on the extraction efficiency of proanthocyanidins is outlined in Table 3 and Figure 6 . It can be seen from Table 3 that MAE time did not have a significant impact, but the power and the sample-to-solvent ratio had a significant impact on the level of extracted proanthocyanidins (p < 0.05). The higher the power or the sample-to-solvent ratio applied, the lower the extraction efficiency of proanthocyanidins was achieved ( Figure 6 ). These findings were also in agreement with the previous study on Eucalyptus robusta [12] . The increase of power resulted in a lowering of the extraction efficiency that can be explained by the degradation of proanthocyanidins at higher temperatures caused by the higher power. 
Effect of Extraction Independent Variables on the Antioxidant Capacity of Macadamia Tetraphylla Skin
Four antioxidant assays were used in this study to determine the antioxidant capacity of the extracts prepared under a variety of extraction conditions from the skin of the macadamia. This is because each antioxidant assay has its own advantages and limitations [28] . For example, ABTS antioxidant assay can be used over a large pH range, with a variety of solvents. Whereas, many antioxidants that typically react with peroxyl radicals may react slower, or not at all, with DPPH [29] . In addition, FRAP antioxidant assay only measures the reducing capability of the sample, based upon the ferric ion [29] . Therefore, more than one antioxidant assays were applied to obtain a better estimation for the antioxidant capacity. * Significantly different at p < 0.05; β0: Intercept; β1, β2, and β3: Linear regression coefficients for time, power and sample-to-solvent ratio; β12, β13, and β23: Regression coefficients for interaction between time x power, time x sample-to-solvent ratio and power x sample-to-solvent ratio; β11, β22, and β33: Quadratic regression coefficients for time x time, power X power, and sample-to-solvent ratio x sample-to-solvent ratio.
The impact of MAE radiation time, power, and sample-to-solvent ratio on the ABTS antioxidant capacity of the macadamia skin is represented in Table 4 and Figure 7 . The results showed that the MAE radiation time did not have a significant impact, but the MAE power and the sample-to-solvent ratio did have a significant impact on the ABTS antioxidant capacity of the macadamia skin extract Figure 6 . Impact of time (2.5-5.5 min), power (30%-70%, 360-840 W) and sample-to-solvent ratio (2-8 g/100 mL) on proanthocyanidins (mg CAE/g).
Four antioxidant assays were used in this study to determine the antioxidant capacity of the extracts prepared under a variety of extraction conditions from the skin of the macadamia. This is because each antioxidant assay has its own advantages and limitations [28] . For example, ABTS antioxidant assay can be used over a large pH range, with a variety of solvents. Whereas, many antioxidants that typically react with peroxyl radicals may react slower, or not at all, with DPPH [29] . In addition, FRAP antioxidant assay only measures the reducing capability of the sample, based upon the ferric ion [29] . Therefore, more than one antioxidant assays were applied to obtain a better estimation for the antioxidant capacity. * Significantly different at p < 0.05; β 0 : Intercept; β 1 , β 2 , and β 3 : Linear regression coefficients for time, power and sample-to-solvent ratio; β 12 , β 13 , and β 23 : Regression coefficients for interaction between time x power, time x sample-to-solvent ratio and power x sample-to-solvent ratio; β 11 , β 22 , and β 33 : Quadratic regression coefficients for time x time, power X power, and sample-to-solvent ratio x sample-to-solvent ratio.
The impact of MAE radiation time, power, and sample-to-solvent ratio on the ABTS antioxidant capacity of the macadamia skin is represented in Table 4 and Figure 7 . The results showed that the MAE radiation time did not have a significant impact, but the MAE power and the sample-to-solvent ratio did have a significant impact on the ABTS antioxidant capacity of the macadamia skin extract (p < 0.05). The higher the MAE power and sample-to-solvent ratio that were applied, the lower the antioxidant capacity obtained was. The results also showed that the interaction between time x sample-to-solvent ratio, and power x sample-to-solvent ratio did not have a significant impact, but the interaction between MAE time x power had a significant impact on ABTS antioxidant capacity of the macadamia skin extract.
Processes 2016, 4, 1 11 of 15 (p < 0.05). The higher the MAE power and sample-to-solvent ratio that were applied, the lower the antioxidant capacity obtained was. The results also showed that the interaction between time x sample-to-solvent ratio, and power x sample-to-solvent ratio did not have a significant impact, but the interaction between MAE time x power had a significant impact on ABTS antioxidant capacity of the macadamia skin extract. The results (Table 4 and Figure 8 ) illustrated the impact of MAE radiation time, power, and sample-to-solvent ratio on the DPPH free radical scavenging capacity of the macadamia skin extract. (p < 0.05). The higher the MAE power and sample-to-solvent ratio that were applied, the lower the antioxidant capacity obtained was. The results also showed that the interaction between time x sample-to-solvent ratio, and power x sample-to-solvent ratio did not have a significant impact, but the interaction between MAE time x power had a significant impact on ABTS antioxidant capacity of the macadamia skin extract. The results (Table 4 and Figure 8 ) illustrated the impact of MAE radiation time, power, and sample-to-solvent ratio on the DPPH free radical scavenging capacity of the macadamia skin extract. The results (Table 4 and Figure 8 ) illustrated the impact of MAE radiation time, power, and sample-to-solvent ratio on the DPPH free radical scavenging capacity of the macadamia skin extract. MAE radiation time and power were found not to significantly affect the DPPH, but the sample-to-solvent ratio did significantly affect the DPPH free radical scavenging capacity of the macadamia skin extract (p < 0.05). As seen in the ABTS assay, the interaction between time x sample-to-solvent ratio, and power x sample-to-solvent ratio did not have a significant impact, but the interaction between MAE time x power had a significant impact on ABTS antioxidant capacity of the macadamia skin extract (p < 0.05).
Processes 2016, 4, 1 12 of 15 MAE radiation time and power were found not to significantly affect the DPPH, but the sample-tosolvent ratio did significantly affect the DPPH free radical scavenging capacity of the macadamia skin extract (p < 0.05). As seen in the ABTS assay, the interaction between time x sample-to-solvent ratio, and power x sample-to-solvent ratio did not have a significant impact, but the interaction between MAE time x power had a significant impact on ABTS antioxidant capacity of the macadamia skin extract (p < 0.05). MAE radiation time and power were found not to significantly affect the DPPH, but the sample-tosolvent ratio did significantly affect the DPPH free radical scavenging capacity of the macadamia skin extract (p < 0.05). As seen in the ABTS assay, the interaction between time x sample-to-solvent ratio, and power x sample-to-solvent ratio did not have a significant impact, but the interaction between MAE time x power had a significant impact on ABTS antioxidant capacity of the macadamia skin extract (p < 0.05). The influence of MAE radiation time, power and sample-to-solvent ratio on the cupric ion reducing antioxidant capacity (CUPRAC) of the macadamia skin is represented in Table 4 and Figure 9 . The results (Table 4) revealed that MAE radiation time, power, and sample-to-solvent ratio did not have a significant impact on the CUPRAC of the macadamia skin (p > 0.05). Similarly, there was no significant impact between the interaction of MAE time x power, time x sample-to-solvent ratio, and power x sample-to-solvent ratio of the macadamia skin extract (p > 0.05).
Finally, the results (Table 4 and Figure 10 ) indicated the impact of MAE radiation time, power, and sample-to-solvent ratio on the FRAP of the macadamia skin extract. MAE power was found to have a significant impact on the FRAP of the macadamia skin extract; whereas, MAE radiation time and sample-to-solvent ratio did not have a significant effect. The results ( Table 4 ) also showed that there was no significant impact between the interaction of MAE time x power, time x sample-to-solvent ratio, and power x sample-to-solvent ratio on FRAP of the macadamia skin extract (p > 0.05).
Optimisation and Validation of Microwave Extraction Conditions
The predicted mathematical models of this study indicated that the optimal extraction conditions for the highest level of TPC, flavonoids, proanthocyanidins, and antioxidant properties were MAE time of 4.5 min, power of 30% (360 W), and a sample-to-solvent ratio of 5 g/100 mL. To ensure that the results of the predicted conditions were matched with the results when these conditions were applied in reality, the sample of macadamia skin was extracted under the recommended conditions in triplicates. The actual results and the predicted results are shown in Table 5 . As can be seen from the Table 5 , all the experimental values for TPC, flavonoid, proanthocyanidin, and antioxidant properties were not significantly different to their predicted values (p > 0.05), indicating that these predicted conditions were valid and could be applied for maximum recovery of phenolic compounds and antioxidant properties from the macadamia skin. All the values are means˘standard deviations and those in the same row not sharing the same superscript letter (a or b) are significantly different from each other (p < 0.05).
Under these extraction conditions, approximately 45 mg of TPC, 29 mg of flavonoids and 33 mg of proanthocyanidins could be extracted from one gram of dried macadamia skin. Alasalvar and Shahidi [30] reported that one gram of macadamia kernel contained 1.56 mg of the phenolic compounds, meaning that the level of phenolic compounds in the macadamia skin is significantly higher than that in the kernel. In addition, Yang [31] reported the flavonoid content of the macadamia kernel was 1.379 mg/g, which was less than 5% of the flavonoids available in the skin of the macadamia, revealing that macadamia skin is the waste, but it is a rich source of phenolic compounds. Furthermore, Alasalvar and Shahidi [30] also reported a FRAP antioxidant value for macadamia kernel was 0.42 mM/100 g or 4.2 µM TE/g, which is also significantly lower than the FRAP values found in macadamia skin in the current study. Therefore, these findings further confirmed that macadamia skin is a rich source of phenolic content and is also a potent source of antioxidants in comparison with its kernel.
In comparison with the conventional extraction method at optimal conditions of 90˝C, 20 min, and sample-to-solvent ratio of 5 g/100 mL, which could extract 96 mg of TPC, 24 mg of flavonoids, and 97 mg of proanthocyanidins from a dried gram of macadamia skin [32] , MAE method under these optimal conditions gave significant lower levels of TPC, flavonoids and proanthocyanidins.
